Objectives: The aim of this study was to evaluate the feasibility, safety and early results of mechanochemical ablation of incompetent varicose veins using a special catheter: the Phlebogriffe.
Incompetence of the great and/or small saphenous vein is the most common manifestation of chronic venous disease [1] . Chemical ablation of incompetent superficial veins using a foamed sclerosant remains the most often used treatment modality in Europe. Still, even if foam sclerotherapy offers many advantages, it is not free of complications, comprising thrombophlebitis, inflammation of the skin and hyperpigmentation [2] . All these complications seem to be related to thrombosis of the treated vein. Furthermore, the high postprocedural efficacy of foam sclerotherapy, which is reported as an occlusion of the treated vein, results from immediate thrombosis of such a vein, which precedes a slow process of inflammatory-driven fibrosis evoked by chemical irritation [3] .
On one hand, thrombosis is a desired process, since it augments inflammation that in turn leads to permanent obliteration of the treated vein. On the other hand, thrombosis is a reversible process -hence the high rate of late recanalisations of previously occluded veins, even as high as 20-30% after 12 months [4] . 
Phlebogriffe -a new device for mechanochemical ablation of incomPetent saPhenous veins: a Pilot study

original PaPer
Based on our own experience and taking into account the pathophysiology of obliteration and fibrosis of the vein, we have focused on mechanical injury, which appears as the initial and pivotal event that initiates damage of the endothelium and enables penetration of the sclerosant into deeper layers of the venous wall. This idea inspired the first author of this paper to develop a unique catheter capable of mechanical injury of the venous endothelium prior to administration of the sclerosant. Theoretically, such mechanochemical obliteration should be more effective in comparison with standard chemical ablation, since the former should result in more severe and diffuse inflammatory process that leads to fibrosis of the vein.
aim of the study
This study was aimed at evaluation of feasibility, safety and early result of mechanochemical ablation of incompetent varicose veins with the use of special catheter, which was invented by the first author of this report. 
technique of the Procedure
The Phlebogriffe catheter was invented in collaboration with a manufacturer of medical equipment: Balton Sp. z o.o. (Balton, Warsaw, Poland). The design of this catheter is based on a typical 5F 100 cm long single-channel diagnostic catheter (Fig. 1) . Into this catheter a metal shank, attached to which are 5 thin, curved, springy wires with sharpened ends, is introduced. After being pushed out of the catheter, these wires deploy into a cat's claw pattern (Fig. 2) .
The purpose of these "claws" is to carve deep bruises on the internal wall of the vein when the catheter is pulled out of the vessel. The thickness and elasticity of the wires constituting the claws were adjusted to make possible deep bruising of the endothelium while minimizing the risk of puncture into the deep layers of the venous wall. Such a design was optimised during an in vitro study, using veins previously removed during classic varicose vein surgery (Figs. 3 and 4) . The distance between fully expanded claws of the Phlebogriffe is about 20 mm, which in the authors' opinion is sufficient to manage veins up to 15-17 mm in diameter.
In January 2011 we constructed a functioning prototype of the device and obtained approval to conduct the study from the local Bioethical Committee.
The use of the Phlebogriffe catheter is simple. After disinfecting the skin and draping the surgical field, the great saphenous vein (GSV) is punctured with an 18G needle, distally from its incompetent segment, or in the most distal part of the incompetent vein. In a case of unsuccessful puncture, a venesection can be performed. Then, a 0.035'' J-type guidewire is introduced into the vein and over this guidewire an introducer sheath is introduced. Through this introducer, over the guidewire, the Phlebogriffe is inserted. The catheter is clearly visible on ultrasound, enabling precise placement of its terminal part in the saphenofemoral junction (Figs. 5 and 6). While the metal shank of the Phlebogriffe remains in the desired location, the catheter is pulled distally, which enables deployment of the claws in the saphenofemoral junction. Then, the whole device -catheter and shank with open claws -is pulled distally with a constant speed of about 1 cm per second. Simultaneously, beginning at the level of about 3 cm distally from the saphenofemoral junction, sclerosing foam is administered (1-3% 
material and methods
A pilot study of the Phlebogriffe catheter in clinical settings was performed in the years 2011-2013.
We included 40 patients presenting with class C2-C6 of chronic venous disease and with incompetence of the great or small saphenous veins demonstrated by duplex Doppler. All patients underwent colour duplex scanning of the veins, which was performed in a warm and comfortable examination room. Diameters of the great and small saphenous veins were measured in the supine position. Diameter of the GSV was measured 3-5 cm distally from the saphenofemoral junction using B-mode imaging, and the inner anechoic part of the vein was used for the measurements. Diameter of the SSV was measured in the same manner, 3-5 cm distally from the saphenopopliteal junction. In a case of incompetent thigh extension of the SSV without connection with the popliteal vein, the diameter was measured at the popliteal fossa 5 cm distally from the knee crease. Mean diameter of the incompetent GSV was 6.2 ±2.0 mm, while mean diameter of the incompetent SSV was 5.6 ±2.7 mm.
Mechanochemical ablation of incompetent saphenous veins was performed with the Phlebogriffe catheter and 2% polidocanol foam, using the above-described technique. The average volume of foam used to occlude the GSV was 13 ml (minimal volume: 8 ml, maximal volume: 20 ml) and 5.5 ml (minimal volume: 2 ml, maximal volume: 10 ml) to occlude the SSV.
After the procedure patients were recommended to wear compression hosiery for 3-4 weeks. Efficacy of the procedure, defined as closure of the treated vein, and the clinical result evaluated using the Venous Clinical Severity Score (VCSS) were assessed after 1, 3, 6 and 12 months. Sonographic assessment was particularly focused at possible segmental or total recanalisation of the treated vein. Table 3 . There were no significant complications related to the procedure. Still, the majority of patients complained of aching along the course of the treated vein. Only 8 patients (20.5%) required administration of analgesics (e.g. paracetamol) for pain relief. Such aching was present for 57 days on average (±6.07 days). In 14 patients (35.9%) there were signs of phlebitis and inflammation of adjacent tissues, such as palpable induration and redness of the skin (Table 4 ). In order to speed up the recovery and reduce the risk of hyperpigmentation in 6 patients during the first 2 weeks after the procedure we performed needle puncture and extraction of the thrombi from the occluded veins. After 12 months hyperpigmentation was found in 2 patients (5.1%). Within 3 months after the procedure 3 patients developed telangiectasias, primarily on the shins. There were no other complications related to sclerotherapy that have been described in the literature, such as pruritus, urticaria, paraesthesia, metallic taste in the mouth, skin necrosis, deep vein thrombosis or pulmonary embolism.
Clinical outcome after 12 months evaluated using the VCSS is presented in Table 5 . Statistical analysis using Student's t test for paired groups (paired data) of the VCSS scores before and after the procedure revealed statistically significant improvements regarding pain, presence of varicose veins, oedema, number and size of active ulcers, their duration, size of active ulcers and the use of compression therapy. The average improvement in VCSS scores was 3.56 points.
discussion
The Phlebogriffe appears to be an easy-to-use and operator-friendly device. This pilot study demonstrated There is a similar device that utilises the concept of mechanochemical ablation of the veins: the ClariVein (Vascular Insights, Quincy, MA, USA). It should be emphasised that our team began the research on injuring the endothelium in addition to chemical ablation before the invention of the ClariVein system was released. Considering the good results of the ClariVein, our concept of mechanochemical ablation seems to be correct [5] [6] [7] . The mechanism of action of the Phlebogriffe has a solid pathophysiological basis [8] [9] [10] . The authors believe that the results of this pilot study will encourage further trials aimed at evaluation of this device. There are several advantages of the Phlebogriffe: its construction is simple (which means that cost of the device should not be high), it is easy to use, there is no need for anaesthesia (except for local anaesthesia at the access site), the treatment can be performed on an outpatient basis, and the procedure is highly effective.
conclusion
The Phlebogriffe is a device that offers new opportunities for safe and efficient treatment of varicose veins associated with incompetence of saphenous veins. 
